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ABSTRACT—Second breast cancer experience was examined for
27,175 primary breast cancer patients diagnosed in the State of
Connecticut during 1935-75 with follow-up for second breast cancers
through 1980. The overall ratio of observed to expected second breast
cancers was 3.2. Relative risk was found to be inversely related to age
at diagnosis and directly related to stage of the first breast cancer. The
overall risk of second breast cancers was 711 per 100,000 person-
years at risk. Risk of second breast cancers showed a similar relation-
ship to age and stage as relative risk and was also directly related to
calendar period of diagnosis of the first breast cancer. Some interac-
tions were observed because patients less than 45 years old at diag-
nosis with positive nodes had elevated risks and relative risks in the
early followup  period, whereas less of an effect of stage on relative
risk and risk was seen for older patients. The effect of the use of
adjunctive radiation therapy on second breast cancer risk was also
assessed by the ratio of the risk of second breast cancers for those
patients who received both surgery and radiation to the risk of those
patients who only received surgery being estimated for patients diag-
nosed during 1935-59 and for patients diagnosed during 1960-75.
For both cohorts relative risks of 1.2-1.4 were found for the 5-year
period immediately following diagnosis, likely resulting from the uncon-
trolled effect of stage in the analysis. Elevated long-term relative risks
were not found for patients diagnosed during 1935-59. A long-term
marginally statistically significant relative risk of 1.4 (21 O yr after
diagnosis) was found for patients diagnosed during 1960-?5. The data
do not indicate an overall pattern of relative risks consistent with an
effect on long-term second breast cancer risk of radiation exposure to
the opposite breast incurred during adjunctive  radiation therapy for a
first breast cancer. —JNCI  1983; 70:797-804.

The study of multiple primary cancers has substantial
potential for providing useful information on cancer etiology
and carcinogenic mechanisms. The finding that patients
with a first primary cancer of a particular site are at an
elevated risk of cancer of some other site (or the same site)
is of interest because it may suggest a common etiology for
both the first and subsequent cancers or possibly some
biologic predisposition to certain kinds of cancer. In addi-
tion, a second cancer could result from treatments such as
chemotherapy or radiotherapy administered for a first can-
cer.

The focus of this analysis is on the occurrence of second
breast cancers in patients with an initial breast cancer. The
association of such factors as age and stage of the first cancer
with second breast cancer risk is described. An attempt is
also made to quantify the effect on second breast cancer risk
of an average dose of radiation to the remaining breast from
adjunctive radiotherapy. This is of particular importance
because of the current interest in the use of radiation therapy
as an adjunct to less radical breast surgery, or as the only

therapy, for a substantial number of breast cancer patients
(1). Many breast cancer patients and particularly those with
minimal disease have a good prognosis, making the quan-
tification of any long-term deleterious effects of radiation or
other therapies of particular concern.

PREVIOUS RESEARCH

There have been many studies of the occurrence of sub-
sequent cancers for patients with various first cancers. Some
studies have included an assessment of second breast cancer
risk following a first breast cancer and have indicated that
second breast cancers occur from two to six times as fre-
quently as would be expected (2-8). The relative risk of
second breast cancers has been found to be larger for
younger first breast cancer patients than for older patients
(3, 4, 7). The risk of second breast cancers has also been
shown to be negatively associated with age at diagnosis of
the first cancer; i.e., younger first breast cancer patients
have a higher risk than older patients (7).

We could find only one study in the literature of the effect
on second breast cancer risk (9) of adjunctive radiation
therapy in the treatment of a first breast cancer. Data on a
total of only 1,489 patients were analyzed, and not surpris-
ingly no association was found of second breast cancer risk
with the use of adjunctive radiotherapy for the first breast
cancer. There has, however, been speculation, both pro and
con, on the effects of adjunctive radiation therapy on second
breast cancer risk based on the exposure of the remaining
breast to radiation (/0, //). Although there is to date little
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evidence to document the long-term effects of possible ra-
diation exposure of the remaining breast incurred during
adjunctive radiation therapy for a first breast cancer, there
is evidence that radiotherapy for acute (12) and chronic
(13) breast conditions significantly increases the risk of
subsequent breast cancer.

There are unknown factors, however, that complicate
speculation about the effect on second breast cancer risk of
radiotherapy for a first breast cancer. The dose to the
opposite breast is not well established and would likely vary
according to the procedures and type of equipment used
and the areas irradiated. Another important factor is that
patients with a first breast cancer may represent a subgroup
of women whose breast tissue is particularly prone to carci-
nogenesis and, therefore, the effects of radiation on the
remaining breast might be different (greater) than would
otherwise be expected.

DESCRIPTION OF DATA

The ideal setting for doing multiple cancer studies is
within a defined population in which the occurrence of
cancer is monitored. Such a population is that of the State
of Connecticut where the diagnoses of nearly all cancers
have been routinely reported to the CTR spanning the time
from 1935 to the present. Follow-up of all cancer patients
for survival and the diagnosis of subsequent primary cancers
is also done by the CTR.

The CTR is one of nine population-based tumor registries
that participate in the SEER Program of the National
Cancer Institute. The other tumor registries in the SEER
Program have not been in existence as long as the CTR,
but they do afford the potential of doing multiple primary
cancer studies in the future.

Data on 34,922 invasive primary breast cancers diagnosed
in women as a first cancer in the State of Connecticut during
1935-75 were available for analysis. The following exclu-
sions were made to the patient group in the order given:
unknown age (32); tumor sequence errors, interrecord errors,
or unknown follow-up (4); first cancer diagnosed from death

certificate or autopsy report (2,054); no follow-up available
(58); at least one other primary cancer including breast
cancer diagnosed within 2 months of first breast cancer
(261); distant metastasis (2,570); unstaged (1,815); and
surgery not done (953). Surgery as used here refers to surgery
done for the purpose of removing the primary tumor. After
these exclusions, 27,175 patients were available for analysis.
Limiting the analysis to those patients whose first breast
cancer was surgically removed and who had less than distant
involvement should have resulted in the analysis of patients
who were clinically free of disease subsequent to treatment
of their first cancer and, therefore, problems associated with
the diagnosis of second primary breast cancers were hope-
fully minimized.

The second breast cancer experience for eligible patients
was assessed through 1980. A second breast cancer was
counted only if it was invasive, and it may have been
diagnosed when the patient was a nonresident of the state.
For the 27,175 patients included in the study, 1,544 invasive
second breast cancers were diagnosed. This number included
second breast cancers diagnosed on the basis of either a
death certificate or an autopsy report.

The pathologic diagnosis of second cancers was done by
the various hospital pathologists in the State; it probably
resulted in variation in the criteria applied to the diagnosis
of second breast tumors. This is a potential problem because
the remaining breast is a common metastatic site of a first
breast cancer, and the problems of the pathologist in diag-
nosing a new primary cancer in the remaining breast are
well documented (14, 15). In this regard, however, the first
and second breast cancers were histologically confirmed for
97.0% of the 1,544 patients who had at least 2 breast tumors.
For those 25,521 patients who had only 1 breast tumor. the
histologic confirmation rate was 99.6%. The high histologic
confirmation rates were largely due to only inclusion of
patients in the study who had surgery for the purpose of
removing their first breast cancer.

Data on stage of disease at diagnosis and treatment are
routinely collected by the CTR. With the use of the stage
classification as coded since 1935, it was possible to classify
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the patients into the following groups: no ipsilateral axillary
lymph node metastases, ipsilateral axillary lymph node
metastases but no distant metastases, distant metastases,
and unknown stage. Data on treatment were limited to that
initially given for the purpose of controlling the primary
cancer. Treatments administered may have included any
one or a combination of the following: surgery, radiother-
apy, chemotherapy, hormones, and endocrine radiation
and/or endocrine surgery. The areas irradiated, doses of
radiation, and the names of drugs were not included in the
CTR data base.

STATISTICAL METHODS

One statistic used in the analysis was the SIR or relative
risk, which as used here is the ratio of the observed and
expected numbers of second breast cancers. The expected
number of second breast cancers that should occur in a
defined cohort of first breast cancer patients was obtained
by application of appropriate age, sex, and calendar year
specific breast cancer incidence rates to the person-years at
risk (16, 17). Person-years at risk for each patient were the
time from diagnosis of the first breast cancer to the date of
diagnosis of any second cancer or date of death. Date of last
follow-up was used if neither of the latter two events oc-
curred. The primary objective in computation of the SIR
was to examine patterns of relative risk by age, stage, length
of follow-up, and calendar period.

Incidence densities were also calculated to assess risk
patterns. An incidence density is the number of second
breast cancers diagnosed subsequent to diagnosis of the first
cancer divided by the person-years at risk which accrued
(18). The use of incidence densities facilitated the compar-
ison of risks for specific patient groups as well as the utili-
zation of appropriate multivariate procedures. The statistic
generally used for comparison purposes is the IDR, i.e.,
relative risk, which is the ratio of the incidence densities for
the 2 patient groups being compared.

RESULTS

Epidemiology

It is of interest from both an epidemiologic and a clinical

viewpoint to examine the second breast cancer experience
for those patients included in the study in regard to relative
risk (SIR) and risk (incidence density) patterns. Table 1
presents SIR by age (<45, 45-54, or >=55 yr), stage of disease
(negative nodes or positive nodes, excluding patients with
distant metastases), length of follow-up (<5, 5-9, 10-14, or
>=15 yr), and calendar period of diagnosis (1935-59 or 1960-
75). The relative risks are particularly high overall in the
less than 45-year age group—4.9 (1935-59) and 7.0 (1960-
75). Those patients in the age group less than 45 years old
with positive nodes had relative risks of 7.6 (1935-59) and
10.1 (1960-75) compared to 3.9 (1935-59) and 5.3 (1960-
75) for those patients with negative nodes. It can be seen,
however, that the relative risks are substantially higher
during the 0 to 4-year follow-up period for those patients
less than 45 years old at diagnosis of their first breast cancer
and who had positive nodes than for the corresponding
patients with negative nodes. The effects of node status and
length of follow-up on relative risk gradually decrease with
increasing age at diagnosis. The relative risks for the total
groups in the later calendar period tend to be a little larger
than the corresponding relative risks for the 1935–59 calen-
dar period. This elevated risk appears, however, to be a
result primarily of differential follow-up because the corre-
sponding relative risks by length of follow-up appear to be
quite similar for the two calendar periods. This observation
suggests that whatever caused the increase in the first breast
cancer risk during the period of study had a similar effect
on the second breast cancer risk. The age-adjusted incidence
rate for female breast cancer increased from 53 per 100,000
during 1935-39 to 84 per 100,000 during 1970-74 in Con-
necticut.

Some comment on the magnitude of the relative risks is
appropriate. It is important to realize that if the risk factors
for primary breast cancer are also operative for the risk of
second breast cancers and if the two events occur independ-
ently, then it is not surprising that the relative risks are
greater than 1.0. Elevated relative risks would occur simply
because the distribution of first breast cancer patients over
breast cancer risk factors would be skewed toward those
patients at higher risk, and these risk factors are not taken
into account in the calculation of the expected number of
second breast cancers. The strong relationship of relative
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risk of second breast cancers to age suggest that the effects
of some second breast cancer risk factors may be related to
age at diagnosis and stage of the first cancer. Additional
data would be required to determine the relationship beteen
first and second breast cancer risk factors.

The overall risk of second breast cancers was 711 per
100,000 person-years at risk. Examination of table 2 indi-
cates that the risk of second breast cancers is inversely
related to age and directly related to stage of the first cancer
during the first 9 years after diagnosis for both calendar
periods. For the period 10 years or more after diagnosis, the
effect of age and stage on risk appears to be less than during
the first 9 years. Also, for each of the two follow-up periods
subsequent to diagnosis of the first breast cancer, the corre-
sponding risks of second breast cancers for the various age
and stage categories are greater in the later calendar period.

Effect of Adjunctive  Radiation
For purposes of this analysis, patients were classified as

before by age, stage, length of follow-up, and calendar
period of diagnosis as well as by whether or not they had
only S or only S&R as their primary treatment. Patients
who had other treatments in combination with either S or
S&R were excluded. The two calendar periods utilized in
the analysis roughly correspond to the use of orthovoltage
equipment in administering radiation therapy (1935-59)
and to the use of higher voltage equipment (1960-75)
(Goldenberg I: Personal communication).

The S group consisted of 19,034 patients, and the S&R
group, of 6,690 patients. Table 3 provides information on
number of patients, average ages, and average years of
follow-up for the various patient subgroups. The average
age of the patients within each age and stage category of
the S group is very similar to that for the corresponding
category in the S&R group. Of interest, however, is the
consistently shorter average follow-up for each category in
the S&R group as compared to the corresponding category
in the S group. This phenomenon suggests that differences
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in stage of disease between the 2 treatment groups remained
after the patients were classified on the basis of node status.

Estimates of radiation dose to the opposite breast were
not made. The dichotomous classification of the patients
with respect to treatment implied that the effect of an
average dose to the remaining breast was being estimated.
At a later date more details on individual radiation treat-
ments may be obtained to supplement this analysis.

That radiation causes breast cancer has been established
(19). In considering the effects of radiation on the risk of
subsequent cancer in the remaining breast for first breast
cancer patients, it is possible that radiation could have acted
as a promoter of second breast cancers in addition to being
a causative agent; however, radiation has not been found to
promote the occurrence of first breast cancer (19).

Table 4 presents relative risks (IDR), i.e., the ratio of the
incidence density of second breast cancers for the S&R
group to that of the S group, by calendar period, age, stage,
and length of follow-up. The numerators of each of the two
incidence densities for each ratio are also given as some
measure of the power for detection of significant departures
of the relative risk from 1.0. No discernible pattern in
relative risk by age, stage, calendar period, or length of
follow-up appears, but the relative risks tend to be greater
than 1.0.

As an aid in data summarization, age-adjusted relative
risks were calculated independently by stage, calendar pe-
riod, and interval of follow-up. The multivariate logistic
model was used for this purpose and can be defined as log
[P/(1-P)] =~o+@lXl +/kX2 +&X3, where P is the prob-
ability of a second breast cancer within some specified
follow-up period (incidence density); the X’s are regressor
variables defined as Xl= 1 (age 45–54) and X1=O (otherwise),
X2= 1 (age 255) and XZ=O (otherwise), and Xs= 1 (S&R)
and X3=0  (otherwise); and the /3’s are coefllcients to be
estimated from the data. By the regressor variables being
defined in this way, i.e., 0 or 1 for the absence or presence
of a factor, the quantity exp @j) can be interpreted as the
ratio of two incidence densities @esence  divided by the
absence of the factor associated with the variable Xj).  There-
fore, for X3 (treatment), exp@s)  would be an estimate of the
ratio of the incidence density for the S&R group to that of
the S group adjusted for the other regressor variables if no
interactions with treatment are specified in the model. A
discussion of logistic models that relates to the analysis done
here can be found in (20).

Age-adjusted estimates of relative risk by stage, calendar
period, and length of follow-up are given in table 5. For
each of the four stage-calendar-period categories, the rela-
tive risk is elevated to at least 1.2 during the first follow-up
period, and these elevated relative risks are likely due to a
confounding effect of stage. The relative risks for 10 years or
more of follow-up for those patients diagnosed during 1935-
59 are not indicative of any excess long-term risk of second
breast cancers associated with the use of radiation therapy
for either stage category. For those patients alive 10 years or
more after diagnosis and diagnosed during 1960-75, the
relative risk for those patients with negative nodes is 1.3
(one-sided P = 0.25); for those patients with positive nodes,
the relative risk is 1.6 (one-sided P = 0.11). A relative risk
adjusted for both age and stage was calculated for the 10-
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year or more follow-up period and was found to be 1.4 (one-
sided P = 0.07).

The age-adjusted relative risks for treatment were esti-
mated under the assumption of a constant relative risk over
the 3 age groups. A test of this assumption based on score
statistics (Brown C: Personal communication) was per-
formed for each age-adjusted relative risk. For some of the
age-adjusted relative risks, there was evidence of an inter-
action between treatment and age; i.e., the associated P-
value for the test of an interaction between treatment and
a specific age group was less than or equal to 0.1. It does not
appear that consideration of the interactions changes any
inference to be made from table 5. No evidence of interac-
tions was found for the relative risks in the later calendar
period.

Although the relative risks were not statistically signif-
icant, it is of some interest to estimate for those patients
diagnosed in the later calendar period the absolute excess
risk, i.e., the difference between the risk in the S&R group
and that in the S group, associated with the relative risks of
1.3 (negative nodes) and 1.6 @ositive  nodes) for the 10-year
or more follow-up period. With the use of established pro-
cedures (21), this was done by multiplication of the inci-
dence density of the appropriate S group in the 10-year or
more follow-up period by the age-adjusted relative risk
minus 1.0. For the negative-node patients the absolute excess
risk was found to be on the order of 200 second breast
cancers per 100,000 person-years at risk, and, similarly, for
positive-node patients the absolute excess risk was found to
be 500. The statistical significance of these estimated abso-
lute excess risks is the same as that associated with the age-
adjusted relative risks used in their computation. The cor-
responding incidence densities for the S group 10 years or
more after diagnosis for the later calender period were 789
(negative nodes) and 778 (positive nodes) per 100,000 per-
son-years at risk.

Certain factors must be considered in the interpretation
of these observations. Because of criteria generally utilized
in selecting a patient for radiation therapy, it is likely that
the group of patients with positive nodes who received
radiation therapy had more advanced disease, i.e., larger
tumors or more positive nodes, for example, than those
patients with positive nodes who did not receive radiation
therapy. This possibility is indicated to some degree as
previously mentioned by a shorter average follow-up in the
S&R group as compared to the follow-up in the S group
within the various stage, age, and calendar-period categories
(table 3). Table 2 indicates that the incidence density of
second breast cancers is shown to be related to node status
during the first 10 years after diagnosis of the primary

cancer, particularly for patients younger than 55 years at
diagnosis for the later calendar period. For the 10-year or
more follow-up period, the relationship to stage does not
appear to be important except for those patients younger
than 45 years old and diagnosed during 1960-75.

Although the possibility cannot be ruled out that uncon-
trolled effects of stage contributed to the somewhat elevated
long-term relative risks given in table 5 for patients diag-
nosed during 1960-75, it is likely that stage was not an
important factor in this regard for the following reasons:
First, the effect of negative versus positive nodes on the long-
term risk of second breast cancers is likely greater than are
the effects of differences in stage (extent of disease) by
treatment category within the node-negative group and
correspondingly within the node-positive group. In that
regard, the ratio of the incidence density in table 2 for all
patients with positive nodes diagnosed during 1960-75 10
years or more after diagnosis to that for the corresponding
patients with negative nodes is 1.1, suggesting that any
uncontrolled effect of stage was not a major factor regarding
the long-term relative risks for these patients in table 5.
Second, the relative risks given in table 4 do not appear to
be related to age, and only two of the age-adjusted relative
risks given in table 5 were found to be associated with an
age-treatment interaction; they were for patients diagnosed
during 1935-59. The incidence densities given in table 2
suggest that if stage was influencing the relative risks for
treatment, then the younger women should have had higher
relative risks (table 4); this situation would have resulted in
age-treatment interactions. Third, in calculation of the
relative risk of 1.4 for the 10-year or more follow-up period
adjusted for both age and stage, neither of these two factors
had regression coefficients that even approached statistical
significance. Finally, the relative risks in table 5 are elevated
in the first follow-up period and then decrease and remain
constant (earlier calendar period) or increase 10 years or
more after diagnosis (later calendar period). This later cal-
endar-period pattern is not consistent with a decreasing
effect of stage on risk during follow-up (table 2). The long-
term relative risks for those patients diagnosed during 1935-
59 were not elevated, suggesting that an uncontrolled effect
of stage did not influence these relative risks. Taken in total.
the previous discussion suggests that the elevated long-term
relative risks for the later calendar period may well be due
to chance but are not likely due to an uncontrolled effect of
stage.

Another factor deserving mention in interpreting the
relative risks given in table 5 is the likelihood that radiation
was used in treatment of disease recurrence in both treat-
ment categories. It is unlikely, however, that patients with
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recurrent disease would have survived long enough subse-
quent to a recurrence such that any second breast cancers
caused by radiation therapy for recurrences would have
been a confounding factor in this analysis.

DISCUSSION

The observations made regarding the epidemiology of
second breast cancers indicate that age at diagnosis, stage,
calendar period of diagnosis of the first cancer, and length
of follow-up were found to be important factors regarding
risk of a second breast cancer (incidence density). The same
factors, with the exception of calendar period, were found
to affect relative risk (SIR). Prior and Waterhouse (7) made
the same observations regarding the negative association
between age at diagnosis of a first breast cancer and the risk
and relative risk of second breast cancers. They speculated
that younger breast cancer patients may represent a genet-
ically more susceptible subgroup of the population. Frau-
meni (22) also has made the observation that multiple
primary cancers tend to arise at an earlier than usual age,
possibly because of genetic predisposition.

The finding of an effect of stage of the first cancer on
second breast cancer risk may not be surprising because the
originally unaffected breast is a common metastatic site.
However, the reasons for the apparent interaction between
age and stage of the first breast cancer on second breast
cancer risk are not clear (table 2). It would not seem likely
that differences in intensity of follow-up by age or problems
with diagnosis could explain the substantial differences in
risk and relative risk between the older and younger patients
who had node involvement associated with their first can-
cers. It is possible, however, that node involvement for
younger first breast cancer patients is somehow related to
genetic predisposition.

It is of interest to compare the relative risks (SIR) bv age
for these data with those obtained by Prior and Waterhouse
(7) in a study of 22,000 first breast cancer patients diagnosed
during 1936-64 and registered in the population-based Bir-
mingham Regional Cancer Registry (England). After exclu-
sion of simultaneous tumors, the reported relative risks (SIR)
by age were 5.3 (<45 yr), 3.0 (45-59), and 1.0 (~60),  with
2.4 overall. For the data presented here, the relative risks by
age for those patients diagnosed during 1935-59 were 4.9
(<45 yr), 3.2 (45-54), and 2.1 (z55), with 2.9 overall (table
1). There is possibly some difference for the older patients,
but otherwise the relative risks are quite similar.

Our findings concerning the effects of adjunctive radia-
tion therapy on second breast cancer risk are not consistent
for the two calendar-year cohorts of first breast cancer
patients analyzed; however, a marginally statistically signif-
icant long-term relative risk @10 yr after diagnosis) of 1.4
was observed for patients diagnosed during the 1960-75
calendar period. It is of some interest to speculate on the
dose to the opposite breast that would account for a relative
risk of this magnitude. The best estimate of the percent
increase in relative risk per rad for women over the age of
20 years at the time of exposure is 0.42% per rad (23). Thus
a relative risk of 1.4 would be associated with an average
dose to the opposite breast for all patients who received
adjunctive radiation therapy of about 100 rad, and this

appears to be within the range of possible exposure (24)
with the assumption that radiation affects the long-term risk
of second breast cancers in the same way as it affects the
risk of first breast cancers.

The observations concerning treatment effects, particu-
larly for those patients diagnosed in the later calendar
period, could possibly be further refined by an appropriately
designed case-control study in which additional information
could be collected on stage of the first breast cancer, type of
radiation equipment and procedures used, areas irradiated,
and dosages of radiation given. With such information,
estimates of the dose of radiation received by the remaining
breast might be possible for individual patients. Such a
study might provide additional insight into the effect on the
long-term risk for a second breast cancer resulting from
radiation dose received by the opposite breast during ad-
junctive radiation therapy for a first breast cancer.
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